abstract Poly(trimethylene terephthalate-block-tetramethylene oxide) (PTT-PTMO) copolymer/ graphene oxide nanocomposites were prepared by in situ polymerization. From the SEM and TEM images of PTT-PTMO/GO nanocomposite, it can be seen that GO sheets are clearly well-dispersed in the PTT-PTMO matrix. TEM images also showed that graphene was well exfoliated into individual sheets, suggesting that in situ polymerization is a highly efficient method for preparing nanocomposites. The influence of GO on the two-phase structure, melt viscosity and mechanical properties of PTT-PTMO block copolymer was examined by using DSC, ARES rheometer and tensile tests. The DSC results imply that the introduction of GO did not affect the glass transition temperature of PTMO-rich soft phase, melting temperature of PTT hard phase and degree of crystallinity of the nanocomposites. As the graphene oxide loading in the nanocomposites increase, the enhanced Young's modulus and yield stress was observed. The tensile strength slightly increased with the increase of GO from 0 to 0.5 wt% when elongation at break was higher or comparable to the value of neat PTT-PTMO copolymer.
Introduction
Polymer composites that display a change in composition and structure over a nanometer length scale have been shown over the last 10 years to present considerable property enhancements relative to conventionally scaled composites. Layered silicates dispersed as a reinforcing phase in an engineering polymer matrix are one of the most important forms of such ''hybrid organic-inorganic nanocomposites'' with remarkably improved thermal, mechanical (higher modulus, increased strength), optical, barrier and physicochemical parameters [1] [2] [3] .
Graphene, mostly in the form of graphite, has been experimentally studied for over 40 years [4] [5] [6] [7] and measurements of transport properties in micromechanically exfoliated layers [8] of graphene grown on (SiC) [9] large area graphene grown on copper (Cu) substrates [10] ,a s well as a variety of studies involving the use of chemically modified graphene to make new materials [11] [12] [13] . Despite the number of methods for its synthesis, as-prepared graphene itself is not soluble and thus cannot be dispersed in water or any organic solvent. Suitably modified graphene nanosheets could display good solution chemistry with properties such as dispersability and solubility in water and organic solvents [14] . Therefore, hydrophilic and organophilic affinities for graphene nanosheets should be achievable through chemical functionalization. Many researchers are now focusing on derivatives of graphite, which is inexpensive and available in large quantities. A particularly popular derivatives is graphite oxide (GO), which is hydrophilic and has a larger interlayer distance than graphite. It can readily exfoliate into individual GO sheets in water and forms stable dispersions after sonication. Unlike the bulk graphene sheets -if left unprotected -will spontaneously agglomerate and even restack to form graphite, chemical functionalization or the use of dispersant generally prevents agglomeration [15] [16] [17] . The GO synthetic pathway is attractive for stabilizing individual sheets in solutions. The oxygen functional groups that exist in GO provide reactive sites for chemical modification using known carbon surface chemistry. The chemical attachment of appropriate organic groups leads to physical separation of the resultant graphene sheets but also makes it possible to directly form stable graphene dispersion during the synthetic process. The successful dispersion of graphene has enabled the use of low cost solution processing techniques to fabricate various potentially useful graphene-based materials [18, 19] . Polymer nanocomposites with GO-derived graphene materials as filler have shown dramatic improvements in properties such as elastic modulus, tensile strength and thermal stability. Moreover, these improvements are often observed at low loadings of filler evidently due to the large interfacial area and high aspect ratio of these materials, requiring small amounts of filler to achieve percolation [20, 21] . Furthermore, studies on PANIPAM/GO nanocomposite hydrogels [22] prepared by in situ polymerization have shown that introduction of GO has significant influence on the microstructure, mechanical performance and swelling properties of composite hydrogels.
Segmented block copolymers which behave as thermoplastic elastomers are composed of flexible and rigid segments. Due to structural differences, the flexible and rigid segments usually separate into two phases or domains. At room temperature, the segmented block copolymers have multi-phase structures consisting of a continuous soft phase of the flexible segments with a low glass transition temperature and a dispersed hard phase with a high melting temperature [23] . Soft phase provides extensibility, whereas hard domains play the role of physical crosslinks and act as high modulus filler. Crystallization of block copolymer micro-domains exerts tremendous influence on the morphology, properties and applications of these materials. Actually, in polyester-segmented block copolymers, the phase separation occurs mainly by crystallization [23] . Multiblock poly(ether-ester) (PEE) based on poly(butylene terephthalate) (PBT) as rigid segments and poly(tetramethylene oxide) (PTMO) as soft segments have been intensively studied [24, 25] . Due to their excellent mechanical properties, like strength and elastic properties in a wide temperature range they are of special interest. The PBT-block-PTMO copolymers are available as commercial products (Elitel™, Arnitel, Hytrel Ò , DSM, etc.). Recently a study on a novel family of polyester thermoplastic elastomers based on PTT has been conducted [26, 27] . The influence of organoclay [28] and carbon nanotubes [29] on the structure and physical properties of PTT-block-PTMO copolymers has been previously described. These type segmented copolymers based on poly(trimethylene terephthalate) (PTT) rigid segments and polyether flexible segments possess excellent thermoplastic elastomer properties, such as a low-temperature glass transition (T g ), a high melting point (T m ) and a temperature independent rubbery plateau. The excellent properties of this type of polyester block copolymer make it suitable for a number of applications where mechanical strength and durability in a flexible component is required. Similar to standard Hytrel grades, PTT-based block copolymers can be an excellent choice in applications ranging from auto parts and innovative furniture design to sporting goods and filaments.
The presence of carbon nanostructures in PTT-block-PTMO matrix can influence the phase separation changing their elastic properties. The purpose of this study was to examine the effect of GO content on the phase structure and physical properties of poly(trimethylene terephthalate-block-tetramethylene oxide) (PTT-PTMO) elastomer investigated. A reinforcement by GO has been observed for PTT-PTMO/GO nanocomposites based on the increase in tensile strength and tensile modulus.
Experimental section

Materials
For the poly(trimethylene terephthalate-block-tetramethylene oxide) (PTT-PTMO) elastomer synthesis the following chemicals were used: dimethyl terephthalate (DMT, Sigma-Aldrich) and poly(tetramethylene oxide) glycol with molecular weight of 1000 g/mol (PTMG, Terathane 1000, DuPont, USA) were used as received. 1,3-Propanenediol (PDO, Sigma-Aldrich) was distilled before using. Tetrabutyl orthotitaniate (TBT, Fluka) was used as catalyst in transesterification and polycondensation. Irganox 1010 (Ciba-Geigy, Switzerland) was used as antioxidant.
Graphene oxide (GO) with average particle size of 50 lm was obtained from expanded graphite (SLG TECH-NOLOGIES GMbH, Germany) by Brodie oxidation method reported in [14] . C1s XPS spectra of GO: sp2-C: 14.97%; sp3-C: 29.47%; CAOH: 39.82%; C@O: 10.75%; COOH:
4.40%; p-p: 0.59%. O1s XPS spectra of GO: CAO: 90.38%; C@O 9.62%.
Preparation of PTT-PTMO/GO nanocomposites
Preparation method of nanocomposites is presented in Fig. 1 . A similar procedure as previously described for PTT-PTMO/Nanofil 32 nanocomposites was used [28] . Before polymerization, a dispersion of GO sheets was prepared by dispersing the desired amount of graphite oxide in PDO through ultrasonication for 15 min using laboratory homogenizer (Sonoplus HD 2200, with frequency of 20 kHz and 75% of power 200 W) and subsequent intensive mixing for 15 min with high-speed stirrer (Ultra-Turax T25). Additionally, to improve the dispersion/exfoliation of GO in PDO an ultra-power lower sonic bath (BANDELIN electronic GMbH & Co. KG, Sonorex Digitec, with frequency of 35 kHz and power 140 W) was applied for 20 h. The polymerization process was conducted in two stages. In the first stage, the dispersion of GO in PDO (3.774 mol), DMT (0.629 mol) and TBT catalyst was charged into 1 L steel reactor (Autoclave Engineers Inc, USA), where DMT was transesterified with PDO in the presence of catalyst (TBT, 0.15 wt% in relation to DMT) under nitrogen flow at at 165°C and atmospheric pressure under nitrogen flow. PDO was used in a 6-fold molar excess over DMT. During the reaction, methanol was distilled off. After 1 h to the reaction mixture, comprises mostly of bis-(3-hydroxypropyl) terephthalate, the PTMO (0.097 mol), Irganox 1010 (0.5 wt% of total comonomers mass) and second portion of catalyst (TBT, 0.10 wt% in relation to DMT) was added. Then, the temperature slowly went up to 210°C and stayed for half an hour to reach the endpoint of transesterification. Subsequently, the excess of PDO used in the first stage was distilled off during increasing the temperature and reducing the pressure. The second step, melt polycondensation was carried out at 250°C under reduced pressure of $20 Pa. During polycondensation, the torque was monitored in order to detect changes in viscosity. All syntheses were finished when melt rich the same value of viscosity at 250°C. The obtained polymer/nanocomposite was extruded from the reactor under nitrogen flow. The neat PTT-PTMO copolymer was synthesized following the same procedure, but in the absence of GO. The content of rigid PTT and soft PTMO segments was approximately the same (i.e. 50 wt% of each). The produced nanocomposite samples were coded as PTT-PTMO/xGO, where x describe the weight content of GO.
Sample preparation
The dumbbell shape samples for tensile tests and SAXS measurements were obtained by injection moulding using a Boy 15 (Dr. BOY GmbH&Co., Germany) injection molding machine. The injection-molding parameters were as follows: injection pressure 55 MPa, melt temperature 225°C, mold temperature 30°C, holding down pressure of 20 MPa for 15 s and cool time 10 s.
Characterization techniques
The intrinsic viscosity [g] of the samples was measured using Ubbelohde viscometer at 30°C in mixture of phenol/ 1,1,2,2-tetrachloroethane (60/40 by weight). The polymer solution had a concentration of 0.5 g/dL. The following procedure was used to eliminate the influence of GO presence on measured [g] values. Nanocomposite sample was dissolved in mixture of phenol/1,1,2,2-tetrachloroethane (60/40 by weight), then filtered to separate GO. The sample was precipitated by adding methanol and recovered by filtration. Finally, the precipitated solid was dried in vacuum at 50°C for 24 h.
Size-exclusion chromatography (SEC) in 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) was performed on a Waters system equipped with a Waters 2414 refractive index detector (35°C), a Waters 2707 autosampler, a Waters 1515 Isocratic HPLC pump, and a PSS PFG guard columns followed by 2 PFG-linear-XL (7 lm, 8 Â 300 mm) columns in series at 40°C. HFIP was used as eluent at a flow rate of 1 mL/min. The molecular weight calibration curve was obtained using of nine poly(methyl methacrylate) standards (Polymer Laboratories) of narrow polydispersity.
An ARES rheometer (Rheometric Scientific Inc., USA) was used to measure the melt viscosity of the samples. The measurements were done at temperature of 220°C and at frequencies in the range of 0.1-50 Hz, in a parallel-plate fixture (diameter = 25 mm) with a gap distance of 2 mm. 
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The density was measured at 23°C on hydrostatic balance (Radwag WPE 600C, Poland), calibrated for standards with known density.
The thermal transitions of the polymers were measured with differential scanning calorimetry (DSC, TA Instrument Q-100). The heating and cooling rate was 10°C/min and sample size approximately of 10 mg. An indium standard was used to calibrate the temperature and the heat of fusion. The first cooling and second heating scans were used to determine the melting and crystallization peaks. The heat of fusion was determined by integration of the normalized area of melting endotherm. The glass transition temperature (Tg) for the polymer samples was taken as the midpoint of the change in heat capacity (DCp/2). The degree of crystallinity of the samples was calculated by the following equation:
) is the enthalpy change of melting for a 100% crystalline sample [26] and DH m is derived from melting peak area on DSC thermogram.
The structure of nanocomposites was observed by scanning electron microscopy (SEM, JEOL JSM 6100). The samples were cryofractured in liquid nitrogen, and then vacuum coated with a thin gold film before the test. Transmission electron microscopy (TEM) analysis was carried out by a JEOL JEM-1200 Electron Microscope using an acceleration voltage of 80 kV. The TEM samples (thickness of about 100-150 nm) were obtained by cutting of tensile specimen's perpendicular to flow direction under cryogenic conditions using Reichert Ultracut R ultramicrotome with a diamond knife.
Tensile measurements were performed on Instron 5566 universal tensile testing frame, equipped with a 5 kN Instron load cell, an contact optical long travel extensometer and the Bluehill 2 software, following the same procedure as that described for PTT-PTMO block copolymer [26] . Mean values and standard deviations were calculated for the various material properties: Young's modulus, yield stress, stress and strain at break, permanent set. A confidence interval for the mean was then calculated according to the ISO 2854 standard.
Small angle X-ray scattering (SAXS) measurements were performed at beam line A2 at HASYLAB (DESY, Hamburg) following the same procedure as that previously described for PTT-PTMO/Nanofil 32 nanocomposites [28] . The wavelength of the X-ray beam was k = 0.15 nm. The SAXS scattering-vectors were calibrated using a dray rattail tendon protein. Scattering patterns were collected at room temperature by a two-dimensional MAR-CCD-165 detector placed at a distance of 2443 mm from the sample. Exposure time was 20 s. The raw SAXS intensity data were corrected for background scattering. The raw intensity data were corrected for background scattering. The Bragg long period (L) was determined from the position of the peak in the Lorentz-corrected SAXS intensity (after background subtraction), I(s)s 2 vs. s.
Results and discussion
Exfoliation of GO in PTT-b-PTMO matrix
The maximal reinforcement effect in polymer nanocomposite can be obtained while graphene sheets are non-agglomerated, highly exfoliated and uniformly dispersed in polymer matrix, and interphase interactions ensure as strong as possible interactions between dispersed phase (reinforcement) and polymer matrix. Graphene oxide, one of the graphene derivative form, attaches many oxygen-containing hydrophilic functional groups such as ÀCOOH and ÀOH [30] [31] [32] . Well-dispersed GO nanocomposites were fabricated trough in situ polymerization method as described in the experimental section. Thanks to many oxygen-containing functional groups on the surfaces of GO and electrostatic repulsion between the negative charge of GO sheets, GO can be very well dispersed in PDO at the level of individual sheets. The dispersion state and distribution of GO in PTT-PTMO matrix were characterized by SEM and TEM. Fig. 2 shows a typical SEM image of cross section of the PTT-PTMO/GO nanocomposites with 0.7 wt% loading of GO. From the SEM images of the fractured surface of PTT-PTMO/ GO nanocomposite, it can be seen that GO sheets are clearly well-dispersed in the PTT-PTMO matrix. The presence of agglomerates was not observed, only partial sections GO sheets (Fig. 2b-c) pulled out from the matrix during fracturing are visible on the nanocomposite surface. The other parts of GO were not observed because they were inside matrix. For further characterization of the PTT-PTMO/GO nanocomposite structure, we conducted TEM analysis of clipped thin tensile specimen's using ultramicrotome with a diamond knife. Good dispersion GO in PTT-PTMO matrix was confirmed by TEM analysis (Fig. 3) , showing the presence of few layer GO platelets with crumpled/folded morphology. As shown in Fig. 3 , TEM images show that graphene was well exfoliated into individual sheets in glycol by mechanical and ultrasonic treatment, exhibiting clearly a flake-like shape of graphene oxide, suggesting that in situ polymerization is a highly efficient method for preparing nanocomposites.
Nanostructure of nanocomposites
In Fig. 4 , the scattering peaks (s max ) associated with the electron density contrast between the alternating crystalline and amorphous layers in neat copolymer and nanocomposites are presented. For the nanocomposites the s max were shifted slightly to a smaller position with the addition of GO and then maintained seemingly unchanged with further increasing GO content, indicating the value of the long period (L, see Table 2 ) calculated by Bragg's law (L =1/s max ) were slightly higher than that of PTT in neat copolymer. These increase of L in nanocomposites could be a result of increase of amorphous layer thickness which can be caused by the restriction of mobility of polymer chain caused by existence of GO induced interfacial interactions between polymer and graphene sheets [28, 29] .
Physical properties of nanocomposites
PTT-PTMO/graphite oxide nanocomposites with 0.1, 0.3, 0.5 and 0.7 wt% loading of nanofiller were prepared using in situ polymerization. Table 1 summarizes the physical properties of the obtained nanocomposites. As the GO loading level increased, the density of the obtained nanocomposites increase due to the presence of nanofiller with higher density.
The presence of GO in reaction mixture during synthesis of nanocomposites had influence on molecular weight of the polymer matrix in the obtained nanocomposites and their melt viscosity. The obtained values of intrinsic viscosity for nanocomposites, except the sample with 0.7 wt% of GO, are very close to the neat PTT-PTMO block copolymer indicating comparable molecular weights of polymer matrices in the composites. Molecular weight of the polymer matrix in nanocomposites and its distribution determined by SEC analysis are presented in Table 1 . It can be observed that the low loading of GO does not substantially modify the PTT-PTMO copolymer number molecular weight (M n ), which value is comparable to the M n of neat PTT-PTMO copolymer obtained in the absence of GO. At the higher loading of GO (0.7 wt%), the decrease of M n is observed. The changes of number average molecular weight (M n ) show a similar tendency to the changes of values of intrinsic viscosity. At the same time, molecular weight distribution (M w /M n ) of the copolymers prepared in the presence of GO by in situ polymerization increases with the concentration of GO. In many polymer nanocomposites prepared by using in situ polymerization the decrease of molecular weight and increase of M w /M n was observed. For instance, Patole et al. [33, 34] have found that It is known that rheological properties of nanocomposites containing layered nanofillers are related to the degree of exfoliation of nanofiller in polymer matrix and also to the level of interfacial interaction between the nanofiller surface and polymer chains [35] . Usually, in nanocomposites the increase of melt viscosity is observed with increasing of nanofiller content due to nanofiller-polymer interactions. The dependence of melt viscosity of neat PTT-PTMO copolymer and nanocomposites measured at different frequencies is presented in Fig. 5 . With increase of frequency, the melt viscosity of neat PTT-PTMO copolymer and nanocomposites decreases. In comparison to the neat PTT-PTMO copolymer, the melt viscosity of nanocomposites at low GO loading (<0.5 wt%) is slightly reduced, and then increases at the higher GO loading. It is not clear what mechanism causes the reduction of melt viscosity in the nanocomposites with low GO loading. One possibility is acting of GO sheets as plasticizer, increasing the free volume and therefore decreasing the melt viscosity [36] . Whereas at higher GO loading, the polymer-GO and GO-GO interactions are predominate and causes increase the melt bulk viscosity. The possible mechanisms of selective adsorption [37] , excluded free volume [38] and ball-bearing effect [39] are also reported in literature to explain the decrease in melt viscosity when nanofillers are introduced to the polymer matrix. Another possible explanation for observed melt viscosity changes with GO loading can result from lubricant behaviour of graphite [40] . The graphene layers coupled by week van der Waals-like bonds can easily slide past each other. At low GO loading, few layer graphene in the studied composites can act as lubricant reducing melt viscosity.
Thermal properties of nanocomposites
The neat PTT-PTMO block copolymer has two phase morphology: a PTT crystalline phase and PTMO-rich amorphous phase. It was found in many semicrystalline systems that the addition of nano-additives have affected the crystalline structure and crystallization rate [29, 41, 42] . DSC analysis was performed in order to asses possible changes in crystalline structure and degree of crystallinity of the matrix. Fig. 6 shows heating and cooling DSC traces of neat PTT-PTMO block copolymer and PTT-PTMO/GO nanocomposites. From the obtained cooling and heating curves (Fig. 6 ) the thermal parameters such as glass transition temperature (T g ), melting temperature (T m ), crystallization temperature (T c ), melting enthalpy, crystallization enthalpy, and degree of crystallinity (Table 2) were determined. As shown in Fig. 6 , T g corresponding to the soft PTMO-rich amorphous phase of the prepared PTT-PTMO block copolymer is about À67°C. The T g of nanocomposites remained unaffected by incorporation of GO. This can indicate that the chain mobility of polymer chain in soft phase was not affected by the presence of GO. Regarding the effect of the GO on the T m , slight increase (2-6°C) was observed, while the degrees of crystallinity of the prepared nanocomposites were comparable to the neat PTT-PTMO thermoplastic elastomer. At low loading of GO in PTT-PTMO matrix, the values of T c of nanocomposites were close to the T c of neat PTT-PTMO. These could imply that addition Fig. 4 . The Lorentz-corrected SAXS patterns for PTT-PTMO/GO nanocomposites and neat copolymer. Table 1 Physical properties of PTT-PTMO/GO nanocomposites. [g] -intrinsic viscosity; d -density at 23°C; F -measured after filtration of GO; M n -number average molar mass; M w -weight average molar mass; M w /M n -dispersity. of GO has no influence on the crystallization rate of PTT hard domains. At higher wt% GO loading (sample PTT-PTMO/0.7GO), shift of T c to higher temperatures (DT c =13°C) was observed. However these increase of crystallization rate could be rather caused by increase of the copolymer polydisperisty (M w /M n )( Table 1) than nucleating effect of the additives. Table 3 summarizes the mechanical properties of neat PTT-PTMO block copolymer and its graphene oxide composites. The representative stress-strain curves from tensile tests for nanocomposites are presented in Figs. 7 and 8. Error bars in Table 3 represent the 95% confidence interval of a mean value of each determined tensile property. Analysis of the Young's modulus and their uncertainty have shown that modulus of nanocomposites was enhanced at loading of GO above 0.3 wt%. The tensile strength slightly increased (Fig. 7) with the increase of GO from 0 to 0.5 wt% when elongation at break was higher or comparable to the value of neat PTT-PTMO copolymer. For the 0.7 wt% GO loaded nanocomposite, the value of tensile strength is on the same level as for nanocomposite with 0.5 wt% GO but of strain at break was slightly reduced. The yield stress increases slowly with increasing GO content but strain at yield slightly increases at low GO loading then decreases at the highest (0.7 wt%) GO content. Similar results were obtained by Durmus et al. [43] for polyethylene (LLDPE)/clay nanocomposites.
Tensile properties of nanocomposites
The strengthening of composite material is a result of two major contributions, direct strengthening and indirect strengthening [44] . The direct strengthening is based on the load transfer from matrix to the higher stiffness reinforcement particles. Indirect strengthening results from the changes in the matrix microstructure that take place due to presence of reinforcement particles. In semicrystalline nanocomposites the effect of nanofiller on the stress at break values depends on the interfacial interactions between polymer and graphene sheets. Strong interfacial interaction causes the enhancement in stress at break. It was already reported [45, 46] that solid particles might nucleate the polymer crystallization, increasing its crystallinity, decreasing crystallite thicknesses, and influencing the orientation of the lamellae in the crystallites. This can influence the mechanical properties of the nanocomposites. Calorimetric studies for obtained PTT-PTMO/GO nanocomposites (Table 2 ) showed small differences in the polymer melt enthalpy (only 2.8 J/g increase for PTT-PTMO/0.7 wt% GO) and negligible increase in degree of crystallinity. Therefore, the observed here improvement in the tensile properties at low GO loading cannot be due to a change in crystallinity and is more likely caused by the presence of GO sheets next to PTT hard domains dispersed in PTMO-rich soft phase.
The elastic deformability and reversibility of the nanocomposites and neat PTT-PTMO block copolymer were also studied during cyclic tensile test (Fig. 8) . Determined values of permanent set (PS) in tension direction resultant from maximum attained stain (100% and 200%) for nanocomposites are presented in Table 2 . As can be expected, addition of GO reduces the elasticity of the PTT-PTMO elastomer at higher loading of GO (0.5-0.7 wt%) which is manifested by increasing of permanent set. 
Table 2
Thermal properties and long period of PTT-PTMO/GO nanocomposites. T g -glass transition temperature of soft phase; T m -melting temperature of polyester crystalline phase; T c -crystallizing temperature of polyester crystalline phase; DH m , DH c -enthalpy of melting and crystallization of polyester crystals, respectively; x c -degree of crystallinity; L -long period.
Conclusions
Graphene oxide filled PTT-PTMO nanocomposites were manufactured in this study. The oxygen functional groups that exist in GO provide reactive sites for chemical modification using known carbon surface chemistry. The molecular weight distribution of PTT-PTMO copolymer in the nanocomposite increases with increase of GO loading. TEM and SEM micrographs verified that the dispersion of the GO into the PTT-PTMO matrix was rather homogeneous and highly exfoliated graphene sheets are present in polymer matrix suggesting that in situ polymerization is a highly efficient method for preparing nanocomposites with low loading of GO. DSC analysis of composites containing increasing concentration of GO indicates there was no significant change on the glass transition temperature (T g ) of soft amorphous phase and only slight increase of melting temperature (T m ) (2-6°C), while the degrees of crystallinity of the prepared nanocomposites were comparable to the neat PTT-PTMO thermoplastic elastomer. Moreover, the long period of PTT crystals increased with increase of GO concentration in PTT-PTMO matrix. The obtained nanocomposites with GO as filler have shown improvements in properties such as tensile modulus and yield stress. At higher GO loading (0.5-0.7 wt%), the values permanent set of nanocomposites were slightly higher in comparison to the neat PTT-PMO block copolymer. Moreover, these improvements were observed at low loadings of filler evidently due to the large interfacial area and high aspect ratio of these materials. E -Young's modulus, r y , e y -yield stress and strain respectively; r b , e b -stress and strain at break respectively; PS(1 0 0), PS(2 0 0) -permanent set was taken as the strain at which zero load was measured on the first unloading cycle to 100% and 200% strain, respectively. The error bars represent the 95% confidence interval. Fig. 7 . Representative stress-strain curves for nanocomposites and neat PTT-PTMO copolymer. 
